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Introduction
In the approved SID for NR V2X [1], the following objective for coexistence is included.
	6:  Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 



In RAN1#95 meeting, the following agreements were made.
	Agreements:
· Consider solutions for sidelink coexistence for the following: 
· Potential LTE V2X Tx and NR V2X Tx
· Potential LTE V2X Tx and NR V2X Rx
· Potential LTE V2X Rx and NR V2X Tx
· FFS the case of potential LTE V2X Rx and NR V2X Rx, e.g., whether or not it can be handled implementation

Agreements:
RAN1 will identify both TDM and FDM solutions for coexistence. The specific support for each solution is FFS.
For FDM solutions: 
· For both dynamic and semi-static power allocation solutions, RAN1 assumes synchronization between NR and LTE V2X sidelinks, for a NR V2X UE when NR and LTE V2X sidelinks are intra-band
· The case of inter-band is FFS
Note: If the identified solutions can be applied to systems that are not synchronized, then RAN1 may revisit this assumption.



This contribution discusses in-device coexistence when a device has functionalities for both NR sidelink and LTE sidelink and activates both based on the agreements made in RAN1#95. This contribution is a revision of R1-1812991.

Discussion
Scenarios for the necessity of discussion on in-device coexistence
	For a vehicle supporting LTE and NR sidelink, there may be some moment that it needs to transmit or receive signals of LTE and NR sidelink. For example, eNB schedules LTE sidelink transmission via DCI 5A while gNB schedules NR sidelink transmission at slot n. Then the vehicle would intend to transmit both LTE and NR sidelink signals as shown in Figure 1. Figure 2 shows another example of simultaneous transmission of LTE and NR sidelink signals. Vehicle A has been transmitting advanced video data to Vehicle B via NR sidelink. In a sudden, another vehicle detects an accident happening and transmits BSM. When Vehicle A receives the BSM, it needs for RAN1 to discuss which signals between BSM and advanced video data to Vehicle B. In this kind of situations, there may be power limitation and processing capability restrictions on the vehicle. Simply, for transmission, power control and/or dropping rules can be used to prioritize between LTE and NR sidelink. 
	When NR sidelink unicast/multicast support HARQ and CSI feedback mechanisms, a vehicle needs to decode the received signal and prepare for feedback signals within the minimum processing time similar to NR Rel-15 UEs. In this situation, when a vehicle receives LTE and NR sidelink signals at the same time, how to reduce the processing burden to the vehicle can be discussed. For example, additional processing delay for NR sidelink could be considered if NR sidelink feedback is supported for unicast and multicast operations.
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Figure 1: Illustration of simultaneous transmission of LTE and NR sidelink signals
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Figure 2: Example of simultaneous transmission of LTE and NR sidelink signals



Overall, we can consider 4 cases according to LTE and NR for transmitting and receiving, respectively, as below. (named Case AB: LTE A, NR B)
	NR
LTE
	Transmission
	Reception

	Transmission
	Case TT
	Case TR

	Reception
	Case RT
	Case RR



In the above table, Case RR is agreed as FFS to study further whether or not it can be handled implementation. 
If half duplex constraint is applied, there is nothing to do for Case RT and Case TR, which are not allowed by the constraint. So in this case, what we need to discuss is how to distinguish time domain resources for LTE V2X reception and NR V2X transmission (or for LTE V2X transmission and NR V2X reception). For example, it can be done simply by making the resource pool for LTE V2X reception and the resource pool for NR V2X transmission mutually exclusive. Further more dynamic method could be considered. 
If half duplex constraint is not applied, it seems that there is no coexistence issue for Case RT and Case TR since transmission and reception could be done at the same time. 
[bookmark: _Ref525313968]Proposal 1: RAN1 first focuses the cases where both LTE and NR transmit (or receive) simultaneously. FFS on Case TR and Case RT.

Transmission perspective (for Case TT): Power sharing and prioritization 
In perspective of power control/sharing, sidelink transmissions by using LTE and NR at the same time can apply the same principle as EN-DC power control/sharing. For EN-DC power control, if a UE is capable of dynamic power sharing, the UE reduces the transmission power for NR when the sum power of LTE and NR exceeds the total power limit. For EN-DC power control, if a UE is not capable of dynamic power sharing, the UE drops NR transmission when LTE and NR are to be transmitted at the same time. This principle of power control/sharing can be applied also to the coexistence issue between LTE sidelink and NR sidelink. 
[bookmark: _Ref525313970]Proposal 2: Consider the EN-DC power control/sharing mechanisms as a baseline.

Reception perspective (for Case RR): prioritization
If only broadcast for NR sidelink is considered, there is not much to be handled for coexistence between NR sidelink reception and LTE sidelink reception. However, if unicast or multicast is considered with HARQ-ACK feedback, the UE may need some prioritization for processing of the received signal. This is due to the minimum processing time for preparation of feedback signals. This may be similar to the current Rel-15 NR processing prioritization for Uu link, i.e., how to handle when a UE receives unicast and broadcast PDSCH at the same time. 
[bookmark: _Ref525313973]Proposal 3: Discuss UE processing burden and prioritization for both LTE and NR sidelinks. 

Consideration of Coordination
In RAN1#94, it was discussed whether/how to deal with coordination between LTE sidelink and NR sidelink. Despite of lack of clear definition on what the coordination between LTE sidelink and NR sidelink is, consideration of no coordination between LTE sidelink and NR sidelink contradicts itself when it comes to coexistence issues. In this regards, RAN1 should assume that there is some coordination between LTE sidelink and NR sidelink. In other words, it is assumed that a vehicle supporting both LTE sidelink and NR sidelink can control transmission and reception by using LTE sidelink and NR sidelink together, which means that LTE and NR parts in the vehicle are aware each other of information related to transmission and reception of LTE and NR. If needed, RAN1 will discuss the definition and level of coordination. For example, coordination for LTE-NR sidelink coexistence can be defined as there is a coordination if any signaling/UE behavior/procedure for NR sidelink operations are affected by LTE sidelink, or vice versa.
[bookmark: _Ref525313975]Proposal 4: RAN1 assumes that LTE and NR parts in a vehicle are aware each other of information related to transmission and reception of LTE and NR.

Conclusions
This contribution considered aspects for in-device coexistence between LTE and NR sidelink, and the followings are observed and proposed. 
Observation 1: Except prioritization, there is not much issue on coexistence for the cases where a vehicle transmits via LTE sidelink while it receives via NR sidelink, vice versa.
Proposal 1: RAN1 first focuses the cases where both LTE and NR transmit (or receive) simultaneously. FFS on Case TR and Case RT.
Proposal 2: Consider the EN-Dc power control/sharing mechanisms as a baseline.
Proposal 3: Discuss UE processing burden and prioritization for both LTE and NR sidelinks.
Proposal 4: RAN1 assumes that LTE and NR parts in a vehicle are aware each other of information related to transmission and reception of LTE and NR.
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